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@ Process for producing mixed cellulose ether. 

@ A process for producing a mixed cellulose ether 
comprising reacting a starting cellulose ether with an 
etherifying agent is disclosed, wherein said starting 
cellulose ether comprises at least 18 mol% of a 6 - 
substituted glucose unit and at least 15 mol% of an 
unsubstituted glucose unit. A high utilization of the 
etherfifying agent can be reached. The resulting 
mixed cellulose ether has a high solubility in water 
and an aqueous solution of the resulting mixed eel - 
lulose ether has excellent properties such as flow 
properties and clarity. 
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FIELD OF THE INVENTION 

This invention relates to a process for produc - 
ing a mixed cellulose ether having at least two 
substituents which is useful in various fields. More 
particularly, it relates to a process for economically 
and stably producing a mixed cellulose ether hav- 
ing a dihydroxyalkyl group as one of the two or 
more substituents thereof and exhibiting excellent 
properties. 

BACKGROUND OF THE INVENTION 

Cellulose ethers have been used in various 
fields. For example, carboxymethyl cellulose 
(CMC), hydroxyethyl cellulose (HEC) or hydrox- 
ypropyl cellulose (HPC) have been widely em- 
ployed in the fields of cosmetics, foods, engineer- 
ing, coatings, and pharmaceuticals. On the other 
hand, it has been studied to introduce an additional 
substituent to a cellulose ether to develop a mixed 
cellulose ether having two different substituents 
and exhibiting new functions. Several mixed eel - 
lulose ethers have so far been put to practical use. 
For example, carboxymethylhydroxyethyl cellulose 
(CMHEC). which has been developed for improving 
salt resistance of CMC by introduction of a 
hydroxyethyl group. Is used in petroleum boring. 
Hydroxypropylmethyl cellulose (HPMC), i.e., 
methyl cellulose having introduced therein a 
hydroxypropy! group, has a property of changing 
its solubility depending on pH and finds its use as 
a coating material for enteric - coated tablets- 
Mixed cellulose ethers are thus widely employed, 
and a number of processes for production thereof 
have been proposed. 

In general, processes for preparing cellulose 
ethers include a process using an epoxy- con - 
taining oxide, e.g., ethylene oxide or propylene 
oxide, or a chlorohydrin type etherifying agent to 
obtain a hydroxyalkyi ether; a process using a 
chlorinating agent, e.g., monochloroacetic acid or 
methylene chloride; and a process using dimethyl 
sulfate. The process for obtaining a mixed ether 
varies depending on the combination of sub- 
stituents to be introduced. 

Where introduction of two or more substituents 
can be effected in the same reaction system, nec - 
essary reaction reagents are added to the system 
simultaneously or successively. On the other hand, 
where two or more substituents must be introduced 
in the respective system, a product of first in- 
troduction is once isolated and purified and then 
treated for introduction of a second substituent. 
While there are many proposals made to date with 
respect to production of mixed cellulose ethers, 
any of them achieved no more than a halfway 
improvement by a delicate alteration of reaction 



conditions, giving no essential solution to the 
above -described problem. 

For example, JP- A- 50- 130883 (the term 
"JP-A" as used herein means an "unexamined 

5 published Japanese patent application") proposes 
a process for producing a mixed cellulose ether 
having a dihydroxyalkyl group, in which an alkyi 
group or a hydroxyalkyi group is first introduced 
into cellulose to a degree of substitution of from 

70 0.05 to 4.0 and the resulting cellulose ether is then 
reacted with, for example, glycidol to obtain a 
dihydroxypropyl- containing mixed cellulose ether. 
However, this process still needs further improve - 
ments in utilization of reagents and properties of an 

76 aqueous solution, such as clarity, of the resulting 
mixed ether. 

SUMMARY OF THE INVENTION 

20 An object of the present invention is to provide 

a process for producing a mixed cellulose ether 
with an increased utilization of an etherifying 
reagent. 

Another object of the present invention is to 

25 provide a process for producing a mixed cellulose 
ether which has a high solubility in water and 
whose aqueous solution has improved properties 
such as flow properties and clarlity. 

The inventors have investigated a process for 

30 producing mixed cellulose ethers comprising in - 
troducing a first substituent and then introducing a 
dihydroxyalkyl group and, as a result, found that 
the chemical structure of a cellulose ether obtained 
by introduction of a first substituent has great In- 

35 fluences on the utilization of a reaction reagent for 
introduction of a second substituent and the prop - 
erties of the resulting mixed cellulose ether such as 
solubility in water, which relates to flow properties 
and clarlity of the aqueous solution. The present 

40 invention has been completed based on this find- 
ing. 

The present invention relates to a process for 
producing a mixed cellulose ether comprising 
reacting a starting cellulose ether containing a first 

45 substituent with an etherifying agent either suc- 
cessively or continuously, wherein the starting 
cellulose ether comprises at least 18 mol% of a 
6 - substituted glucose unit and at least 15 moI% 
of an unsubstituted glucose unit. The content of the 

50 6 - substituted glucose is preferably from 18 to 50 
mol% and more preferably from 18 to 35 mol% 
and the content of the unsubstituted glucose unit is 
preferably from 15 to 40 mol% and more prefer- 
ably from 15 to 35 mol%. 

55 The mixed cellulose ethers prepared according 

to the present inventon can be widely employed in 
various fields, for example, as a dispersion stabi - 
lizer in the fields of coatings, cosmetics and en- 
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gineering, and as a controlled release agent or a 
humectant in the fields of nnedical cosmetics 
making use of the gelation properties. 

DETAILED DESCRIPTION OF THE INVENTION 

The first substituent present in the starting 
cellulose ether is not particularly limited. Examples 
of suitable starting cellulose ethers include a 
hydroxyalkyi cellulose, e.g., hydroxyethyl cellulose 
or hydroxypropyl cellulose; a carboxyalkyi cel- 
lulose, e.g.. carboxymethyl cellulose; an alkyi eel - 
lulose, e.g., methyl cellulose or ethyl cellulose; and 
a cationic hydroxyalkyi cellulose. A hydroxyalkyi 
cellulose is preferred for obtaining particularly 
outstanding effects of the present invention. 

The polymerization degree of the starting cel- 
lulose ether to be used in the present invention is 
generally from 100 to 10,000. 

The terminology "6 - substituted glucose unit" 
as used herein means an anhydrous glucose unit 
of cellulose having a substituent only at the 6- 
position thereof. 

It is necessary that the starting cellulose ether 
having a first substituent should comprise at least 
18 mol% of a 6 - substituted glucose unit and at 
least 15 mol% of an unsubstituted glucose unit. 
Such a specific cellulose ether can be obtained by 
etherification in an increased alkali concentration, 
for a reduced mercerization time, and at an in - 
creased etherification temperature. More specifi- 
cally, the alkali concentration in the aqueous phase 
is generally from 25% to 50 % by weight and more 
preferably from 30% to 35% by weight, and the 
mercerization is carried out preferably for from 30 
minutes to 4 hours, and more preferably from 30 
minutes to 2 hours. Examples of the alkali include 
alkali metal hydroxides such as sodium hydroxide 
and potassium hydroxide. 

The subsequent etherification reaction is con - 
ducted preferably at a temperature of 50*0 or 
higher for a period of 150 minutes at the longest. 
While the upper limit of the temperature of the 
etherification depends on the boiling temperature of 
reaction solvents or reagents to be used, in the 
case of using an alcoholic slovent which is gen- 
erally used in the present invention, the upper limit 
of the temperature is approximately from 70 to 
80 'C. The lower limit of the time for the 
etherification depends on reagents to be used or 
performance of objective products, but the lower 
limit is geneally about 30 minutes. In the case of 
hydroxy alky lation, the concentration of the alkali is 
preferably from 30 to 35% by weight, the mer- 
cerization time is generally from 30 minutes to 120 
minutes and preferably from 30 to 60 minutes, and 
the etherification is conducted at a possible high 
temperature, preferably from 50 to 80' C, for 1 to 2 



hours. 

The cellulose ether obtained under the above - 
described conditions has a chemical structure in 
which the substituent is distributed non - uniformly. 

5 It is unsuitable for general purposes but very fa- 
vorable as a starting compound for preparing the 
mixed cellulose ether of the present invention. 

The process for introducing a second sub- 
stituent, a dihydroxyalkyi group, into the starting 

10 cellulose ether is not limited, but special care 
should be taken in distribution of an alkali. That is, 
it is desired to conduct the second etherification in 
the presence of an alkali in an amount of not more 
than 0.5 mol, more preferably from 0.1 to 0.4 mol, 

75 per mol of glucose unit. Examples of the alkali 
include alkali metal hydroxides such as sodium 
hydroxide and potassium hydroxide. If the reaction 
is conducted at a high temperature at too a high 
alkali concentration, the dihydroxyalkyi group would 

20 form not only a chain but a network structure only 
to produce a mixed cellulose ether having seriously 
reduced solubility in water, etc. 

Suitable dihydroxyalkylating agent to be used 
in the second etherification includes glycidyl type 

25 compounds such as glycidol and halohydrin type 
compounds such as 1 -chloro-2,3-dihydrox- 
ypropane. 

The present invention is now illustrated in 
greater detail with reference to Examples, but it 
30 should be understood that the present invention is 
not construed as being limited thereto. All the 
percents are given by weight unless otherwise in - 
dicated. 

The substituent distribution of the cellulose 
35 ethers prepared in Examples was determined as 
follows. A cellulose ether was hydrolyzed with 72 
% sulfuric acid, and the hydrolyzate was reduced 
with sodium borohydride to open the glucose ring. 
In the case of alkyI ethers, the product as obtained 
40 was purified and subjected to gas chromatography. 
In the case of hydroxyalkyi ethers, the product is 
treated with sodium hydride to activate the 
hydroxyl groups and then methylated with methyl 
iodide, and the resulting product is subjected to 
45 gas chromatography. 

Measurement of Clarity 



A sample solution is put into an outer tube, and 
50 the outer tube containing the sample solution is 
placed on a white paper on which 15 black lines 
each having a width of 1 mm are drawn in parallel 
such that the space between the lines being next to 
each other is 1 mm. When a person peeps into the 
55 sample solution through an inner tube from the 
upper position, the height from the bottom of the 
inner tube when it comes to be impossible to 
distinguish the lines by moving the inner tube up 
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an down is measured. The outer tube is connposed 
of a glass cylinder having a height of 350 mm, an 
inner diameter of 25 mm and a thickness of 2 mm 
and a good quality glass plate having a thickness 
of 2 mm joined to the bottom of the glass cylinder, 
and the inner tube is composed of a glass cylinder 
having a height of 300 mm, an inner diameter of 15 
mm and a thickness of 2 mm and a good quality 
glass plate having a thickness of 2 mm joined to 
the bottom of the glass cylinder. 

Clarity (mm) as used hereinafter means an 
average of the values obtained by repeating the 
procedure three times. 

The clarity of the resulting aqueous cellulose 
ether solutions measured in the following examples 
can be considered as an index of solubility in water 
of the resulting cellulose ethers. 

EXAMPLE 1 



Linters weighing 20 g having been ground in a 
cutting mill were put in a separable flask, and 253 
g of t- butyl alcohol and 14.5 g of water were 
added thereto to make a slurry. A solution of 6.9 g 
of sodium hydroxide in 20 g of water was added to 
the slurry with stirring, and the stirring was contin - 
ued for 2 hours for mercerlzation. After completion 
of the mercerlzation. 2.9 mols of ethylene oxide 
was added thereto per mol of anhydrous glucose 
unit, and the mixture was allowed to react at 60'C 
for 1 hour and then at 75 *C for 1 hour. The 
resulting hydroxyethyl cellulose had a degree of 
hydroxyethyl substitution of 1.74 and contained 
23.1 mol% of a 6 - substituted glucose unit and 
31 .4 mol% of an unsubstituted glucose unit. A 1 % 
aqueous solution of the product had a viscosity of 
6000 cps (measured at 25 'C and 30 rpm. 
hereinafter the same) and a clarity of 30 mm, 
showing very poor solubility. 

The thus obtained hydroxyethyl cellulose was 
etherified with 2.0 mols of chloropropanediol per 
mol of anhydrous glucose unit at a 27 % alkali 
concentration of the water phase using sodium 
hydroxide. The resulting dihydroxypropylhydrox - 
yethyl cellulose had a degree of dihydroxypropyl 
substitution of 1.20. A 1 % aqueous solution 
thereof had a viscosity of 3500 cps and a clarity of 
300 mm or more. The utilization of the etherifying 
reagent was 60%. 

COMPARATIVE EXAMPLE 1 

A commercially available hydroxyethyl cel- 
lulose (HEC) was analyzed to find that the degree 
of hydroxyethyl substitution was 2.32, the unsub - 
stituted glucose unit content was 7.2 mol%, and 
the 6 - substituted glucose unit content was 17.5 
mol% and that a 1 % aqueous solution thereof had 



a viscosity of 5000 cps and a clarity of 600 mm or 
more. 

HEC was dihydroxypropylated In the same 
manner as In Example 1. The resulting mixed cel- 
5 lulose ether was found to have a degree of 
dihydroxypropyl substitution of 0.72. and its 1 % 
aqueous solution had a viscosity of 180 cps and a 
clarity of 55 mm. The utilization of the etherifying 
reagent was 36%. 

10 

EXAMPLE 2 

Linters weighing 20 g having been ground in a 
cutting mill were dispersed in 256 g of t- butyl 

75 alcohol and 12 g of water to make a slurry. A 
solution of 6.9 g of sodium hydroxide In 20 g of 
water was added to the slurry with stirring, and the 
stirring was continued for 1 hour for mercerization. 
After completion of the mercerlzation, 2.1 mols of 

20 ethylene oxide was added thereto per mol of an - 
hydrous glucose unit, and the mixture was allowed 
to react at 70 'C for 2 hours. The resulting 
hydroxyethyl cellulose had a degree of hydrox- 
yethyl substitution of 1.30 and a 6 - substituted 

25 glucose unit content of 33 mol%. and an unsub- 
stituted glucose unit content of 32 mol%. A 1 % 
aqueous solution of the product had a viscosity of 
630 cps. The clarity of the aqueous solution was 
too poor to measure. 

30 The thus obtained hydroxyethyl cellulose was 

etherified with 2.0 mols of chloropropanediol per 
mol of anhydrous glucose unit at a 27 % alkali 
concentration of the water phase using sodium 
hydroxide. The resulting dihydroxypropylhydrox - 

35 yethyl cellulose had a degree of dihydroxypropyl 
substitution of 1.12. A 1 % aqueous solution 
thereof had a viscosity of 3000 cps and a clarity of 
300 mm or more. The utilization of the etherifying 
reagent was 56%. 

40 

COMPARATIVE EXAMPLE 2 

Linters ground in the same manner as In Ex- 
ample 1 were reacted with 3.14 mols of ethylene 

45 oxide per mol of anhydrous glucose unit in the 
similar reaction system as in Example 1 at 60'C 
for 80 minutes and then at 70'C for 90 minutes. 

The resulting hydroxyethyl cellulose had a 
degree of hydroxyethyl substitution of 2.20, a 6 - 

50 substituted glucose unit content of 16 mol%. and 
an unsubstituted glucose unit content of 14 mol%. 
A 1 % aqueous solution thereof had a viscosity of 
4500 cps. 

The thus obtained hydroxyethyl cellulose was 
55 dihydroxypropylated in the same manner as In 
Example 2. The resulting dihydroxypropylhydrox - 
yethyl cellulose had a degree of dihydroxypropyl 
substitution of 0.76. A 1 % aqueous solution 
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thereof had a viscosity of 3540 cps and a clarity of 
300 mm or more. The utilization of the etherifying 
reagent was 38%. 

As described and demonstrated atx)ve, to start 
with a cellulose ether having a specific distribution 5 
of a first substituent makes it possible to introduce 
a dihydroxyalkyi group as a second substituent at a 
high utilization of the etherifying reagent. An 
aqueous solution of the resulting mixed cellulose 
ether exhibits excellent clarity. io 

While the invention has been described in de - 
tail and with reference to specific examples thereof, 
it will be apparent to one skilled in the art that 
various changes and modifications can be made 
therein without departing from the spirit and scope 75 
thereof. 

Claims 

1. A process for producing a mixed cellulose 20 
ether comprising reacting a starting cellulose 
ether containing a first substituent with an 
etherifying agent either successively or con- 
tinuously, wherein said starting cellulose ether 
comprises at least 18 mol% of a 6-subst(- 25 
tuted glucose unit and at least 15 mol% of an 
unsubstituted glucose unit. 

2. A process for producing a mixed cellulose 
ether as claimed in Claim 1, wherein said 30 
starting cellulose ether comprises from 18 to 

50 mor/o of a 6 - substituted glucose unit and 
from 15 to 40 mol% of an unsubstituted glu- 
cose unit. 

35 

a A process as claimed in Claim 1, wherein said 
starting cellulose ether is a hydroxyalkyi cel- 
lulose. 

4. A process as claimed in Claim 1 . wherein said 40 
starting cellulose ether is a cellulose ether 
prepared by mercerization of cellulose in an 
aqueous phase having an alkali concentration 

of 25 to 50% by weight for 30 minutes to 4 
hours followed by etherification at a tempera - 45 
ture of 50 ' C or higher for a period of not more 
than 150 minutes. 

5. A process as claimed in Claim 4, wherein said 
mercerization is carried out for 30 minutes to 2 so 
hours. 

6. A process as claimed in Claim 1 . wherein said 
reacting is carried out In the presence of not 
more than 0.5 mol of an alkali per mol of 55 
glucose unit. 
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@ Process for producing mixed cellulose ether. 

@ A process for producing a mixed cellulose ether 
comprising reacting a starting cellulose ether with an 
etherifying agent is disclosed, wherein said starting 
cellulose ether comprises at least 18 mol% of a 6- 
substituted glucose unit and at least 15 mol% of an 
unsubstituted glucose unit. A high utilization of the 
etherfifying agent can be reached. The resulting 
mixed cellulose ether has a high solubility in water 
and an aqueous solution of the resulting mixed cel- 
lulose ether has excellent properties such as flow 
properties and clarity. 
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